At Week 56, after all patients were treated with onabotulinumtoxinA, there continued to be significant between-group differences favoring the O/O vs P/O group for the following headache symptom measures: LS mean change from baseline in frequencies of headache days (À12.0 O/O, À11.1 P/O; P = 0.035), migraine days (À11.6 O/O, À10.7 P/O; P = 0.038), and moderate/severe headache days (À11.0 O/O, À10.1 P/O; P = 0.042). For other measures (cumulative hours of headache on headache days, frequency of headache episodes, and percentage with severe Headache Impact Test (HIT)-6 score, and total HIT-6 and Migraine-Specific Quality of Life Questionnaire scores), there were also large mean improvements from baseline. The percent of patients with a ≥50% reduction from baseline in frequency of headache days was significantly greater for the onabotulinumtoxinA-only group at Week 56 (69.6% O/O, 62.8% P/O; P = 0.023). The treatment-related adverse event rate was 28.5% for onabotulinumtoxinA vs 12.4% for placebo in the DBPC phase and 34.8% for patients treated with onabotulinumtoxinA for all five cycles throughout the 56-week trials. 
Introduction
Chronic migraine (CM) is a disabling, underdiagnosed, and undertreated neurological disorder affecting approximately 2% of the population (1, 2) . Currently, CM is defined as headache on ≥15 days per month for >3 months, with ≥8 days meeting criteria for migraine without aura or demonstrating response to migraine-specific treatment (3, 4) .
Persons with CM have a poor health-related quality of life (HRQoL), which correlates with headache frequency and severity of disability (5) . These patients may spend at least half their days suffering from debilitating pain and associated symptoms (5) . More than 50% of patients with migraine have reported that their headaches result in severe disability or require bed rest (6) . However, even though in comparison with episodic migraine (EM, <15 headache days per month) CM is associated with a significantly higher burden of illness (7) , there are far fewer approved therapies for CM than for EM.
Although most individuals (~88%) with CM seek medical care, the majority of patients are underdiagnosed: only 20% of those with CM receive a diagnosis of CM, chronic daily headache, or transformed migraine (2) . Additionally, in part due to the dearth of approved treatments for CM, it remains largely undertreated. Although most patients with CM meet Headache Consortium Guidelines for Prevention, a recent study demonstrated that just 33.3% of these patients were currently using preventive medications (2) . This is despite the fact that preventive treatment has been shown to reduce the frequency of migraine headache days, as well as their severity and associated disability (8) .
Considering the prevalence of CM around the globe, it is surprising that few clinical trials have investigated preventive medications over the long term or specifically for patients with CM (8) . These patients have typically been excluded from clinical trials of prophylactic medications, despite the fact that recent epidemiological studies have demonstrated the substantial burden of this disease on the global population (9-11). One prophylactic option has been studied-onabotulinumtoxinA, or BOTOX â (Allergan, Inc., Irvine, CA, USA)-and it is thus far the only such therapy approved specifically for use within this patient population.
The recent Phase III REsearch Evaluating Migraine Prophylaxis Therapy (PREEMPT) clinical program combined the two largest clinical trials conducted to date within this patient population. The results from this well-designed, placebo-controlled trial demonstrated that onabotulinumtoxinA was effective, safe, and well tolerated in the treatment of headaches in CM patients (12) (13) (14) . Each arm of the PREEMPT studies included a 24-week double-blind phase and a 32-week open-label extension, making these studies the longest trials to date to examine headache prophylaxis within this population. The results from the entire 56-week trial demonstrated that patients treated with onabotulinumtoxinA had better outcomes than those treated with placebo (12) . The following analysis examines the effects of onabotulinumtoxinA on the subset of CM patients in the PREEMPT clinical program who received all five treatment cycles of onabotulinumtoxinA.
Materials and methods

Study design
Full details of the PREEMPT study design and methodology have been previously described (12, 13) . In brief, the PREEMPT clinical program consisted of two multicenter trials: PREEMPT 1 (NCT00156910) (15) , conducted across 56 sites in North America, and PREEMPT 2 (NCT00168428) (14) , conducted at 66 sites across North America and Europe. As described in Fig. 1 , each phase III trial consisted of a 28-day baseline screening period and a 24-week double-blind, placebocontrolled phase (DBPC) with two injection cycles, followed by a 32-week open-label (OL) phase with three injection cycles. Patients used an interactive voice response system daily telephone diary to record their headache symptoms and acute headache medications, and study visits occurred every 4 weeks.
For the DBPC phase, patients were randomized (1:1) to onabotulinumtoxinA (155 U) or placebo. Patients were stratified by whether or not they overused acute headache medication during the 28-day baseline (with medication overuse defined as intake during baseline of simple analgesics on ≥15 days, or other medication types or combinations of types for ≥10 days, with intake on ≥2 days/week from the category of overuse). Study medications were administered as 31 fixedsite, fixed-dose, intramuscular injections across seven specific head/neck muscle areas every 12 weeks for 24 weeks (two cycles). If needed, an additional 40 U of onabotulinumtoxinA or placebo could be administered among three muscle groups (occipitalis, temporalis, or trapezius; a total of eight sites) using a protocol-defined, follow-the-pain strategy. The maximum total dose of onabotulinumtoxinA per cycle was 195 U in 39 sites. In the OL phase, all patients who completed the DBPC phase were eligible to receive onabotulinumtoxinA treatment at Weeks 24, 36, and 48.
Each investigator obtained approval from an Independent Ethics Committee or a local Institutional Review Board prior to study initiation.
Study participants
Details on study participants and eligibility criteria have been described elsewhere (14, 15) . Briefly, eligible patients were aged 18-65 years with a history of migraine as defined in the International Classification of Headache Disorders (ICHD)-II Section 1, Migraine, with the exception of 'complicated migraine' (4). During baseline, participants had to have headache occurring on ≥15 days/4 weeks, with each day consisting of ≥4 h of continuous headache, and ≥50% of headache days being migraine or probable migraine days (referred to as migraine days). They also had to experience ≥4 distinct headache episodes, each lasting ≥4 h during this period. No use of any headache prophylactic medication within 4 weeks prior to the start of baseline was allowed, although protocol-defined overuse of acute medications during the 28-day baseline period was not a criterion for exclusion. All patients were na€ ıve to prior botulinum toxin of any serotype.
Statistical analyses
PREEMPT data were pooled for integrated analysis of efficacy and safety; the complete statistical methodology has been published elsewhere (12, 13) . The subanalyses presented here include only the patients who completed all five treatment cycles. The primary comparison between groups was by covariate analysis of variance (ANCO-VA), with baseline count as covariate. Responder incidences and other binomial responses were compared using Pearson's chi-squared tests, except that logistic regression with baseline covariate was used for variables that had an imbalance at baseline. Missing data were imputed using a prespecified modified last-observation-carriedforward methodology, except for total Headache Impact Test (HIT)-6 (16) (14, 15) . The primary endpoint for the pooled analysis was mean change from baseline in the frequency of headache days at 24 weeks. The secondary endpoints included the change from baseline in the frequencies of migraine days, moderate/ severe headache days, headache episodes, migraine episodes, and acute headache medication intakes, as well as the change from baseline in total cumulative hours of headache on headache days and the percent of patients with severe (≥60) HIT-6 score. The proportions of patients who experienced ≥50% reduction from baseline in frequencies of headache days, migraine days, moderate/severe headache days, headache episodes, migraine episodes, and total cumulative hours of headache on headache days were also determined. Headache impact on functioning, vitality, and psychological distress was measured by change from baseline in HIT-6 score and the proportion of patients with a ≥5-point change from baseline in individual HIT-6 score (according to the HIT-6 user guide, a ≥5-point decrease in HIT-6 score for an individual patient is considered clinically meaningful) (19) . A between-group minimally important difference (MID) of ≥2.3 has been established for total HIT-6 score, as well (20) . Health-related quality of life was measured by change from baseline in mean MSQv2.1 score across three domains: role function restrictive (RF), role function preventive (RP), and emotional functioning (EF). MIDs for all domains of the MSQv2.1 have also been established for between-group differences (3.2, 4.6, and 7.5 for RR, RP, and EF, respectively) and within-group changes (+10.9, +8.3, and +12.2 for RR, RP, and EF, respectively) (21, 22) .
Safety -Safety and tolerability analyses were performed on all patients who completed the five cycles and received at least three doses of study medication.
Results
Baseline patient demographics
Of the 1384 total patients randomized in PRE-EMPT, 1005 received all five treatment cycles. Of these, 513 received onabotulinumtoxinA only (the O/O group), and 492 were randomized to two cycles of placebo and then three cycles of onabotulinumtoxinA (the P/O group). Of the 492, two patients received onabotulinumtoxinA for cycle one and are summarized with the P/O group for efficacy (as randomized) and with the O/O group for safety (as treated). Demographics were similar between the treatment groups for most outcome measures ( Table 1 ). The only observed significant baseline imbalances were in total cumulative hours of headache on headache days and in frequency of migraine and headache episodes ( Table 1) . This is consistent with the PREEMPT intent-to-treat population baseline demographics previously described (12, 13) . Efficacy results: patients who completed all five treatment cycles Primary efficacy variable: frequency of headache days -OnabotulinumtoxinA was significantly favored over placebo for the primary efficacy variable, mean change from baseline in frequency of headache days at all time points in the DBPC phase (Fig. 2) . After all patients were treated with onabotulinumtoxinA in the OL phase, there continued to be significant between-group differences at all time points favoring those patients treated with onabotulinumtoxinA for five treatment cycles compared with those treated with placebo followed by onabotulinumtoxinA (Week 56: [À12.0 O/O vs À11.1 P/O; P = 0.035]; Table 2 , Fig. 2 ).
Secondary efficacy variables -For all secondary efficacy variables evaluated, except acute headache medication intakes, there were statistically significant between-group differences favoring onabotulinumtoxinA over placebo at Week 24 ( Table 2 ). There were also statistically significant decreases from baseline at Week 24 and Week 56, as indicated by the 95% confidence intervals (CIs; Table 2 ) for all of these measures.
In addition, at Week 56, after all patients were treated with onabotulinumtoxinA, there were significant between-group differences favoring the early onabotulinumtoxinA-treated group vs the later onabotulinumtoxinA-treated group for mean change from baseline in frequency of migraine days (À11.6 O/O, À10.7 P/O; P = 0.038) and moderate/severe headache days (À11.0 O/O, À10.1 P/O; P = 0.042; Table 2 ).
Fifty percent responder analysis -By the end of the OL phase, approximately 70% of the early onabotulinumtoxinA-treated patients had a ≥50% reduction from baseline in frequency of headache days, and approximately 69% of the early onabotulinumtoxinA-treated patients had a ≥50% reduction in frequency of migraine days. These results were significantly better than those found in the group of patients treated with placebo followed by three cycles of onabotulinumtoxinA (63%, P = 0.023 for frequency of headache days and 61%, P = 0.006 for frequency of migraine days; Fig. 3 ).
Headache impact on disability, functioning, and health-related quality of life -At Week 24, onabotulinumtoxinA treatment significantly improved headache impact compared with placebo as measured by the proportion of patients who had a severe (≥60) HIT-6 score (63% onabotulinumtoxinA vs 79% placebo; P < 0.001). Compared with placebo, onabotulinumtoxinA treatment significantly improved both total HIT-6 score (P < 0.001) and the proportion of patients who had a ≥5-point individual decrease in HIT-6 score at Week 24 (P < 0.001; Table 3 ). Additionally, for all role function domains of the MSQ, onabotulinumtoxinA treatment was significantly favored compared with placebo at Week 24 (Table 3) . At Week 56, after all patients were treated with onabotulinumtoxinA, there continued to be significant improvements relative to baseline across all HIT-6 and MSQ measures (Table 3) . However, at Week 56, there were no longer statistically significant differences in HRQoL measures between the group that received five treatment cycles and those that received three.
Safety and tolerability results: patients who completed all five treatment cycles
The treatment-related adverse event (AE) rate was 28.5% for onabotulinumtoxinA vs 12.4% for placebo in the DB phase; it was 34.8% for patients treated only with onabotulinumtoxinA for all five cycles throughout the 56-week trials ( Table 4 ). The most frequently reported treatment-related adverse events in patients who received all five treatment cycles of onabotulinumtoxinA were neck pain (4.3%), muscular weakness (1.6%), injection site pain (2.1%), and eyelid ptosis (1.9%). These AEs are consistent with the known tolerability profile of onabotulinumtoxinA from the 24-week double-blind and 56-week analyses, and no new safety or tolerability issues emerged. Safety and tolerability results for the subgroup of 
Percent of patients
Cumulative hours of headache on headache days Figure 3 . Percent of patients who completed all five treatment cycles and were classified as ≥50% responders at week 56. patients who completed all five treatment cycles were similar to the overall PREEMPT intent-totreat population (12) (13) (14) .
As shown in Table 5 , the rate of treatmentrelated AEs progressively decreased with subsequent onabotulinumtoxinA injections, further supporting onabotulinumtoxinA as a safe and tolerable treatment.
Discussion
Despite the availability of data demonstrating that CM is associated with significant disability and reduced HRQoL (2, 23), there are limited options presently available to effectively treat the CM population (24, 25) . Although there are migraine-specific oral prophylactic medications available, none is approved for use in CM, leaving these patients with few treatment options; onabotulinumtoxinA is the only agent specifically approved for use as CM prophylaxis therapy.
PREEMPT is the largest clinical program to investigate the use of onabotulinumtoxinA as a prophylactic treatment for CM according to a defined set of diagnostic criteria and defined clinically relevant outcome measures. Results of the PREEMPT study have been previously published and have demonstrated onabotulinumtoxinA to be efficacious, safe, and tolerable in a CM population (12, 13, 15) .
The present analysis of the 56-week PREEMPT clinical program extends earlier findings in support of onabotulinumtoxinA as a safe and effective long-term prophylactic treatment for CM, as it demonstrates statistically significant and clinically meaningful improvements with onabotulinumtoxinA treatment (five cycles) vs placebo (two cycles)/onabotulinumtoxinA (three cycles) for multiple headache symptom measures. The differences between the O/O and P/O groups at 56 weeks are small; also, many differences are not statistically significant because all study participants had been treated with onabotulinumtoxinA for at least three cycles by the end of trial, and therefore, we would not expect a big difference between treatment groups at 56 weeks. However, the analysis shows that patients continue to improve on onabotulinumtoxinA treatment. Patients who began treatment with onabotulinumtoxinA later in the trial had positive responses as well, but those treated earlier with onabotulinumtoxinA had better outcomes. Patients who received five treatment cycles did better at 56 weeks and continued to improve from baseline. This suggests that the longer a patient is treated with onabotulinumtoxinA, the more he or she will benefit-with continuing improvements seen at five treatment cycles.
Specifically, repeated treatment with onabotulinumtoxinA significantly reduced headache-related disability and improved functioning and overall HRQoL over the 56-week period. Patients who continued with treatment had a statistically significantly greater improvement in the frequencies of headache days (the primary outcome measure), migraine days, and moderate/severe headache days. Furthermore, more patients in the O/O group had a ≥50% reduction from baseline in frequency of headache days and migraine days than seen in patients in the P/O group, who started onabotulinumtoxinA later in the OL phase and therefore had only three treatment cycles of onabotulinumtoxinA. Additionally, patients who continued to receive onabotulinumtoxinA after the 24-week DBPC period continued to demonstrate ongoing improvement in other measures of efficacy, such as total cumulative headache hours on headache days (À121.8 after two treatments; À166.8 after five treatments), frequency of headache episodes (À5.9 after two treatments; À8.1 after five treatments), frequency of migraine episodes (À5.5 after two treatments; À7.5 after five treatments), frequency of acute headache medication intakes (À10.4 after two treatments; À16.1 after five treatments), and frequency of triptan intakes (À3.4 after two treatments; À4.6 after five treatments). The results after five treatment cycles of onabotulinumtoxinA were not compared statistically with the results after two treatment cycles, but we think the additional improvement is clinically significant. There were no statistically significant differences in HRQoL measures between the participants who received five treatment cycles and those who received three. It is possible that patients who will respond to onabotulinumtoxinA feel an improvement in their HRQoL soon after beginning treatment and that that level is maintained. The HIT-6 score demonstrated better HRQoL, which was felt quickly with onabotulinumtoxinA treatment, and there was continued improvement with additional treatments as reflected by continued decrease in HIT-6 score with additional treatment cycles. Specifically, at Week 24, 44% of patients treated with two cycles of onabotulinumtoxinA had a ≥5-point reduction in HIT-6 score [a reduction of five points is considered a clinically meaningful individual response (19) ]. At Week 56, after three more injections of onabotulinumtoxinA, the proportion of patients with a ≥5-point reduction in HIT-6 score increased to 59%.
In addition to these efficacy findings, onabotulinumtoxinA has been demonstrated to be a safe and well-tolerated treatment for the prophylaxis of headache in adults with CM (12, 14, 15) . This is corroborated by the high proportion of patients who completed the 56-week study (72.6%), indicating a favorable tolerability profile for onabotulinumtoxinA. Additionally, there was no difference in baseline characteristics between the group that received five treatment cycles compared with subjects who did not complete all five treatment cycles (N = 379). Age, gender, race, BMI, and time since onset of migraine as well as acute and prophylactic medication use were all similar. Demographics were similar between subjects who completed all five treatments and the group that did not complete. In general, the incidence rates for total AEs were lower in the later treatment cycles. One possible explanation for the decrease in AEs is that patients are better able to tolerate onabotulinumtoxinA with continued exposure.
Most CM patients will require long-term management, but clinical trials assessing the effectiveness of longer term treatment for CM (≥1 year) are few in number. The advantages of the present analysis are the well-designed PREEMPT clinical trials, the length of study, and the large number of patients who completed the five treatment cycles, which allowed for meaningful results. A major limitation of this analysis is the bias introduced by patients who decided to drop out due to lack of efficacy (2.7%) or because of side effects (4.6%).
This subgroup analysis of the PREEMPT clinical program demonstrated statistically significant and clinically meaningful long-term improvements with onabotulinumtoxinA treatment (five cycles) vs placebo (two cycles)/onabotulinumtoxinA (three cycles) for multiple headache symptom measures in patients with CM. This analysis suggests that, at Week 56, CM patients treated earlier with onabotulinumtoxinA had better outcomes with repeated treatments. Continuing prophylaxis therapy with onabotulinumtoxinA significantly reduced headache-related disability and improved functioning and overall quality of life over the 56-week period. These observations are important to clinical practice, as many patients need to continue to receive treatment over the long term to manage this chronic condition, and according to this analysis, when they continue treatment, they will continue to receive benefit and the benefit continues to accrue, at least up to 56 weeks. No apparent efficacy plateau effect was reached after five treatment cycles. And no cumulative toxicity was observed. Additional studies would be needed to see when a plateau might be reached or if continued improvement could be expected for longer periods of time. The results of the present secondary analysis helped form the basis of an ongoing evaluation of the efficacy and tolerability of onabotulinumtoxin-A for the prophylaxis of headaches in CM over a longer term period-beyond five treatments (26) . Additionally, these data provide valuable information to clinicians who are currently treating CM.
